Epigenetic modifications include DNA methylation, histone modification, microRNA and lncRNA regulations, and take part in many physiological and pathological processes. Recently, it has been found that natural compounds are essential in regulation of epigenetics. By influencing the expression and activities of genes related with epigenetics and altering the expression and functions of miRNAs, many natural compounds exhibit the biological and pharmaceutical activities in the prevention, diagnosis and treatment of many kinds of human diseases, such as cancer, diabetes and cardiovascular diseases. Here in this review, the effects of several natural compounds on epigenetics and the underlying mechanisms were summarized, providing a new insight into the role of natural compounds.
Introduction
Epigenetic is a chromatin structural change in the genomic region, which can lead to transcription silencing or activation of this region during mitosis, and it is inheritable. Epigenetics is mainly concerned with mitosis because of the stable changes of expression, but it does not change the related DNA sequence. Epigenetic modifications consist of DNA methylation, histone modification, miRNA and lncRNA regulations. The concept and mechanisms of epigenetics have been gradually applied to the study of many diseases, including tumors, neurodegenerative diseases, cardiovascular diseases, diabetes, obesity and developmental malformations [1] . Natural compounds, which are safe and cheap, have many biological and pharmaceutical activities. Recent years, the research ideas and related techniques of epigenetics have been gradually applied to natural compounds. The environment can certainly influence gene expression and lead to diseases, and the inheritance of epigenetic characters can certainly occur, but how much is due to the environment and the extent to which it happens in humans remain unclear [2] . Natural compounds have continuous and longterm effects, regulating multi targets and pathways. So natural compounds offer a new angle and cut-in point to epigenetics, and the epigenetic therapy of natural compounds is increasingly becoming a research hotspot.
Here in this review, we will summarize the functions of natural compounds in DNA methylation, histone modification and noncoding RNA regulation, aiming at the application of existing epigenetics in natural compounds.
The roles of natural compounds in regulating DNA methylation DNA methylation plays vital roles in many physiological process and diseases. Of the four nucleotides composing DNA, cytosine is the most dynamic, which can be methylated at its 5th carbon. Mammals mainly have three DNA methyltransferases: DNMT1, DNMT3A, and DNMT3B. The function of DNMT1 is to maintain DNA methylation at hemi-methylated DNA after DNA replication. DNMT3A and DNMT3B play important role in maintaining de novo DNA methylation [3] . When the DNA methylation patterns are abnormal, kinds of diseases frequently occur. It has been reported that kinds of diseases, such as cancer, obesity, nonalcoholic fatty liver disease (NAFLD), type 2 diabetes (T2D), atherosclerosis and Alzheimer's disease (AD) are all associated with alterations in DNA methylation [4] [5] [6] [7] [8] [9] [10] .
Berberine (BBR, C 20 H 19 NO 5 , a 5, 6-dihydro-dibenzo quinolizinium derivative, Figure 1 ) is a bioactive alkaloid which can be extracted from several Chinese herbs, such as Rhizoma Coptidis [11, 12] . Berberine is effective for the treatment of diarrhea and gastroenteritis, but many other pharmacological and biochemical effects of the alkaloid have been found recently. It has been reported that berberine is effective in the treatment of metabolic syndrome [13] , hyperlipidemia [14] , diabetes [15] , Alzheimer's disease [16] , and cancers [17, 18] . In addition; berberin also plays an important role in DNA demethylation. Microsomal triglyceride transfer protein (MTTP) is located in the endoplasmic reticulum (ER), and takes part in the very low density lipoprotein (VLDL) assembly. Berberine can increase the expression of MTTP by decreasing the methylation of the promoter of MTTP, thus improve NAFLD [19, 20] . Berberine exerts antiproliferation of HepG2 cells by decreasing the methylation of the promoter of CYP2B6 and CYP3A4 on the constitutive androstane receptor (CAR) pathway [21] . Berberine could also increase the expression of the human mutL homolog 1 (hMLH1) by increasing the demethylation of the promoter of hMLH1 [22] . It has also been demonstrated that berberine enhances the p53 pathway in human melanoma U266 cells by decreasing the expression of DNMT1 and DNMT3B [23] .
Except for berberine, many other natural compounds also play important roles in kinds of diseases by alteration of DNA methylation. Trichosanthin, a type I ribosome-inactivating protein (RIP) extracted from the root tubers of the Chinese medical herb Trichosanthes kirilowi, comprising 247 amino acids, can increase the expression level of tumor suppressor genes by repressing DNMT1 in HeLa and CaSki cells, thus has potential as a novel agent for cervical cancer [24] .
Emodin (1, 3, 8-trihydroxy-6-methylanthraquinone, Figure 1 ), the main compound of rhubarb, can decrease the expression of DNMT1 and DNMT3a, and promote the expression of p16, RASSF1A and ppENK in pancreatic cancer cells [25] .
Flavonoids is a group of phenol compounds, existing in kinds of plants, such as parsley, blueberries, citrus, cocoa, peanuts, etc. Flavonoids are characterized by a 15-carbon flavan structure in their skeleton which contains both aromatic and heterocyclic rings [26] . It has been reported that anthocyanins from black raspberries (Cyanidin derivatives, Figure 1 ), also a kind flavonoid, can inhibit DNMT1 and enhance the expression of tumor suppressor genes [27] . Figure 1 ) is a class of phenols isolated from the Indian plant Curcuma long, highly consumed worldwide as a food coloring agent and food additive. For many years, this substance has been largely used as a healing medicine in much of the Traditional Chinese Medicine (TCM). Recently, curcumin has attracted attention of researchers because of its speculated anti-cancerous, anti-oxidant and anti-inflammatory properties [28] . Curcumin can induce the upregulation of DNA methyltransferase 2 (DNMT2) and promote RNA stabilization in vascular smooth muscle cells [29] . It has been reported that curcumin can restore the expression of neprilysin (NEP) by demethylation, inhibit AKT and downstream inflammatory factors in AD [30] . Schizandrin is a lignan of the dibenzocyclooctadiene type which is found mainly in the fruit of Schisandra chinensis [31] . Schizandrol A, a dibenzocyclooctadiene derivative (Figure 2) , can enhance the expression of DNMT3A and DNMT3B, and promote the survival of Aβ1-40 injured neuron cells [32] .
The roles of natural compounds in histone modifications
Histone modifications include acetylation, methylation, phosphorylation, sumoylation, and ubiquitylation [33, 34] . Histone acetyltransferases (HATs) and histone deacetylases (HDACs) regulate the histone acetylation. HATs have three members, GNAT, MYST and CBP/p300, whereas HDACs remove acetyl groups from histones, which include HDACs 1-11 and SIRT1-7 [35] . There are more than 60 human Histone methyltransferases (HMTs) have been found till now, which transfer the methyl group from Sadenosylmethionine (SAM) to the lysine and arginine residues [36] . Phosphorylation is another important modification of histone, which plays important roles in apoptosis, mitotic and meiotic prophases [37] [38] [39] . Ubiquitination and deubiquitination are also essential modifications for histone. For example, ubiquitylation of histone H2B induced by DNA double-strand breaks (DSBs) is an important modification during transcription elongation [40] .
The histone modifications are essential in the modulation of gene expression and many diseases. Over-expression of histone deacetylases HDAC1 and HDAC2 was related with gastric cancer, prostate cancer, colon cancer and breast cancer [41] [42] [43] [44] . HDAC 2 can reduce the histone acetylation of genes related to learning and memory, which are decreased in expression in AD patients, and knockdown of HDAC 2 could unlock the repression of these genes and abolish the neurodegeneration-associated memory impairments [45] . The expression of SIRT1 is decreased in the muscles of T2D patients, suggesting that the down-regulation of SIRT1 can lead to the insulin resistance of muscles [46] .
Resveratrol (trans-3, 5, 4'-trihydroxy-stilbene, Figure 2 ) is abundant in many fruits, and its major dietary sources include grapes, wine, peanuts, and peanut products [47] . Resveratrol has antioxidant and anti-inflammatory functions. In some place, such as French, people consume food high in fat, but the incidence of cardiovascular diseases is still low. Resveratrol in the red wine adds this beneficial effect [28] . Resveratrol is a SIRT1 activator, and can inhibit the proliferation and migration of HepG2 cells by SIRT1 mediated modification of PI3K/AKT pathway [47] . Resveratrol can also improve cardiac injuries in diabetes by activating SIRT1 [48] .
Roles of natural compounds in epigenetics
Natural Product Communications Vol. 13 (8) Berberine can act as a HDAC inhibitor, and it inhibits HDAC activity via acetylation of histones in lung cancer A549 cells [49] . SIRT1 is essential for berberine to potentiate autophagy and inhibit lipid storage in mouse livers in response to fasting; berberine stimulates SIRT1 deacetylation activity and induces autophagy in an Atg5-dependent manner [50] .
Herba. Epimedii is normally used to treat joint disease in TCM, and icariin (C33H40O15, an 8-prenylated flavonoid glucoside, Figure 2 ) is the main compound isolated from Epimedii. Icariin can protect neurons in ischemic brain injury by increasing SIRT1 and PGC-1α expression [51] .
Tea polyphenols have many compounds, which also take part in histone modifications. Black tea polyphenols can inhibit the proliferation of hepatic tumors via enhancing HDAC1 levels [52] . The polyphenols extracted from green tea (epigallocatechin gallate, EGCG, Figure 2 ) can exert anti-tumor effect by altering the acetylation states of the promoter of the tissue inhibitors of metalloproteinase 3 (TIMP-3) in breast cancer cells [53] .
Curcumin can inhibit the acetylation of histone of TP53 proteins by suppressing the EP300/CBP activity [54] . It has been demonstrated that curcumin can decrease the expression of HDAC1, HDAC3 and HDAC8 by increasing the acetylated level of histone H4 in Raji cells [55] .
Organosulfur compounds from garlic (diallyl disulfide, diallyl trisulfide, Figure 3) , which can induce apoptosis and cell cycle arrest, and inhibit the proliferation of gastric cancer cells [56, 57] , also take part in histone modifications. Diallyl disulfide can enhance the expression of CDKN1A and induce cell cycle arrest through inhibition of HDAC [58, 59] .
MicroRNAs regulation
Non-coding RNAs (ncRNAs) regulate gene expression through transcriptional and post-transcriptional mechanisms and modulate epigenetic events through chromatin remodeling [60, 61] . Only 1-2% of the transcripts of eukaryotic genomic DNA encode proteins, whereas the majority is transcribed as ncRNAs [61] . NcRNAs short less than 200 bp are classified as small ncRNA (sncRNA), comprised of microRNA (miRNA), small interfering RNA (siRNA), and piwi RNA (piRNA), while longer transcripts are termed as long ncRNA (lncRNA) [62] . MiRNAs are endogenous around 22 nt RNAs which regulating the expression of target genes by binding to the 3' untranslated region (3'-UTR) of genes [63] . MiRNAs take part in many biological processes, such as proliferation, apoptosis and development, and the altered expression of miRNAs shows oncogenic or tumor-suppressive potential in cancers [64, 65] . MiRNAs play important roles in epigenetics, and can also be regulated by epigenetics [66] . The interactions between miRNAs and epigenetics contribute to the regulations of gene expression, and related to many diseases.
MiRNAs act as promising biomarkers and drug target for the diagnosis and therapy of kinds of diseases, and natural compounds can regulate the expression of miRNAs. The regulatory effects of berberine, resveratrol, curcumin and polyphenols on non-coding RNAs in cancers, diabetes and other conditions have been discussed in other reviews [67] [68] [69] [70] , and here in this report the functions of berberine in epigenetics were summarized in figure 4 and 5. Quercetin is an important a flavonoid, characterized by the presence of a phenyl benzo(c)pyrone-derived structure (Figure 3 ), commonly existing in kinds of fruits and vegetables like beans, capers, radish leaves, citrus fruits, apples, onions and parsley [71] . Quercetin can regulate the expression of miR-200b-3p, which involved in Notch signaling pathway [71] . MiR-143, which can inhibit autophagy by regulating Atg8, can promote the chemosensitivity of quercetin in gastric cancer cells [72] .
Genistein (4',5,7-trihydroxyisoflavone, Figure 3 ), mainly found in soybeans, can inhibit the proliferation and induce apoptosis of cancer cells by regulating the expression of caner related miRNAs [63] .For example, genistein can regulate the expression of miR-145, whose target gene is ABCE1, thus exert its anti-tumor effects in retinoblastoma [73] . Genistein and miR-223 inhibitor can reverse the epithelial mesenchyme transformation (EMT) in pancreatic cancer cells [74] .
Tetrandrine ((1b)-6,6′,7,12-tetramethoxy-2,2′-dimethyl-berbaman, Figure 3 ), a bis-benzylisoquinoline alkaloid, isolated from the root of Stephania tetrandra S Moore, has many pharmacological activities, and can be used for treatment of silicosis, autoimmune disorders, inflammatory pulmonary diseases, cardiovascular diseases and hypertension [75] . It has been demonstrated that tetrandrine can improve injury in diabetes of rats by decreasing the expression of miRNA-155 and the consequent down-regulation of NF-κB signaling pathway [76] . Tetrandrine has also anti-fibrosis function by regulating the expression of related miRNAs such as hsa-miR-1246 and hsa-miR-27b [77] .
Perspectives
Since the human genome was sequenced, the term ''epigenetics'' is increasingly attracting more and more attention. Many factors, including the environment, food, infections, even the emotions influence our genes. With the deepening of research, several new modification forms of epigenetics have been found. More and more natural compounds have been reported to participate in the epigenetic modification. Here in this report, the effects of several natural compounds on epigenetics and the underlying mechanisms were summarized (Table 1) . Natural compounds play more and more important roles in the prevention, diagnosis and treatment of disease by modulating epigenetics, providing important guidance and predictions for the discovery of novel drugs.
